Introduction
It is estimated that the continuing increase in atmospheric CO 2 from anthropogenic sources will lead to an increase in surface temperatures of the ocean by 3-58C (Sokolov et al. 2009) , and a decrease in surface pH of the ocean by 0.3-0.5 units by 2100 (Caldeira and Wickett 2003) . However, marine intertidal organisms already experience periodical environmental fluctuations that exceed these values (Newell 1979; Morris and Taylor 1983; Agnew and Taylor 1986) and are considered to have already evolved the machinery necessary to cope with short-term exposure to extreme environmental conditions (Widdicombe and Spicer 2008; Melzner et al. 2009; Whiteley 2011) . Our knowledge of their ability to cope with chronic exposure to elevated temperature and/or pCO 2 is rather limited (e.g., Small et al. 2010 ; Thomsen and Melzner 2010; Melatunan et al. 2011; Hammer et al. 2012) .
Metabolic rate is considered the most fundamental of all biological rates (Brown et al. 2004) . It largely defines the physiological and life-history performances of ectotherms (Prosser 1991; Brown et al. 2004) , ultimately affecting their Darwinian fitness (Calow and Forbes 1998; Spicer and Gaston 1999; Crnokrak and Roff 2002; Brown et al. 2004; Burton et al. 2011) . However, metabolic rates are highly variable among individuals, even from the same population (see Aldrich 1975; Spicer and Gaston 1999) , with such variation often linked to differences in an individual's performance and fitness (Aldrich 1975 (Aldrich , 1989 Bennett 1987; Hayes et al. 1992; Spicer and Gaston 1999; Vézina et al. 2006) .
Within the context of warming and acidification of the ocean, inter-individual variation and its ecological implications rarely have been investigated (cf. for life-history traits, see Pistevos et al. 2011; Sunday et al. 2011; Foo et al. 2012; Schlegel et al. 2012) , particularly with respect to metabolic rate. Most investigations of the potential effect of complex global climatic changes typically have employed orthogonal experimental designs paired to analyses of independent samples. Although these types of analysis are undoubtedly useful and powerful, they may not be appropriate for understanding all alterations of biological functions and traits in response to an environmental change. For example, it was long considered that exposure of crustaceans to environmental hypoxia resulted in an increase in the respiratory pigment hemocyanin (Hagerman 1986; DeFur et al. 1990 ), but the response was so variable that often the increase was not statistically significant (Senkbeil and Wriston 1980) and in some cases, even a decrease was observed (Baden et al. 1990 ); sometimes all these responses occurred within the same species, for example, the Norway lobster Nephrops norvegicus Linnaeus (1758) (Hagerman and Uglow 1985; Baden et al. 1990; Hagerman et al. 1990 ). However, by taking an inter-individual approach, Spicer and Baden (2001) showed that the magnitude of an hypoxia-induced change in hemocyanin concentration ([Hc] ) varied in a predictable way from individual to individual; those with low initial [Hc] showed a marked increase, those with the highest [Hc] showed a marked decrease, and at a particular initial [Hc] , there was no significant difference at all. Thus, the overall response observed was a function of the initial [Hc] of individuals used in the experiment. This illustrates that co-variation and trade-offs among biological traits are often best described using an individual approach, rather than by ''logical triangulation'' of results emerging from analyses of independent sample.
Emerging evolutionary and functional trade-offs determine how the physiological machinery of marine organisms operates, and the constraints some species could face in the near future with ongoing climatic changes (e.g., Pörtner et al. 2006) . Therefore, the use of an individual-based approach arguably should be adopted when trying to detect and describe both intensity and direction of a variable organismal response to climatic change. In addition, the utilization of an individual-based approach directly places research into an evolutionary context, which has been advocated as a priority in the investigation of the effect of global changes (Kelly and Hofmann 2012) .
Consequently, the aim of this study is to compare an individual-based approach with an approach using orthogonal experimental designs paired to analysis of independent samples. We wanted to know which of the two approaches had the greater power to discriminate the intensity and direction of an organism's response to complex climatic changes. To do so, metabolic rates, the extracellular osmo/iono-regulative ability (using Na þ /K þ -ATPase as a proxy), and upper thermal tolerance (UTT) of adult individuals of an intertidal amphipod, Echinogammarus marinus Leach (1875), were investigated after 15 days exposure to combined elevated temperature and pCO 2 . Echinogammarus marinus encounters significant temporal and spatial variation in environmental factors where it occurs on the mid-shore and could be considered as physiologically hardy (Lincoln 1979) . However, adult amphipods of various species have been shown to be potentially physiologically sensitive to the warming (e.g., Rastrick and Whiteley 2011) and acidification (e.g., Hauton et al. 2009 ) of the ocean. Data were analyzed using both an independent and an individual sample approaches, and results of both analyses formally compared and differences between them critically assessed.
Materials and methods

Collection and husbandry of animals
Echinogammarus marinus (mean wet mass AE SE, 0.98 AE 0.002 g) were collected by hand from the intertidal mudflats at Saltash, Cornwall, UK (50824 0 51.57 00 N, 4812 0 41.7 00 W) in May 2012. All individuals were placed in a plastic bucket (volume ¼ 25 l) half-filled with damp weed (Ascophyllum nodosum) to prevent desiccation and mechanical damage during transport. Buckets were transferred to the experimental aquarium facility at the Marine Biology and Ecology Research Centre (MBERC) at Plymouth University (Plymouth, UK) 560 min after collection.
Upon arrival, amphipods (only males were used in experiments) were exposed to constant conditions for 14 days to remove any effects of differences in recent environmental history. This was achieved by placing amphipods in a number of aquaria (volume ¼ 30 L), filled with aerated natural sea water T (8C) ¼ 15 AE 1, S ¼ 33 AE 1, pH ¼ 8.1 AE 0.1 and total alkalinity (A T ) 2213 AE 1 mEq Kg
À1
. All values are means AE 1 SE. Individuals were exposed to a 12 h:12 h L:D cycle and fed carrot ad libitum. Sea water was fully replaced every 2 d to maintain quality. Salinity, temperature, and pH NBS were measured daily.
Experimental design and setup
To investigate the effect of elevated temperature and pCO 2 on some aspects of physiological function, an orthogonal experimental design incorporating two levels of seawater temperature and two levels of pCO 2 was used. The two levels of pCO 2 (380 and 1000 matm, pH NBS 8.05 and 7.70, respectively) corresponded to current and predicted (year 2100; Caldeira and Wickett 2003) global ocean mean pCO 2 values, respectively. The two seawater temperature levels (158C and 208C) corresponded to the mean monthly sea surface temperature (SST) at the collection site (Joyce 2006) and to an increase of þ58C in line with predicted warming trends for SST (Sokolov et al. 2009 ).
Amphipods were exposed for 20 days to one of four treatments: ''control'' (158C þ pCO 2 380 matm), ''elevated pCO 2 '' (158C þ pCO 2 1000 matm), ''elevated temperature'' (208C þ pCO 2 380 matm), or ''combined'' (208C þ pCO 2 1000 matm). Four replicate aquaria were utilized per treatment to avoid pseudoreplication.
Amphipods were haphazardly divided into four groups of 120 individuals, each assigned to one of the four treatments described above. Each group was further sub-divided into four groups of 30 individuals, each haphazardly allocated to one of the four replicate aquaria. All aquaria were then transferred to the NERC-funded Experimental Gas and Temperature Manipulation Mesocosm (see below for description) held inside a controlled-temperature room kept at 158C with L:D 12:12 at MBERC, and individuals exposed to experimental conditions for 20 d. During this period, individuals were fed carrot ad libitum as previously described. Each aquarium was supplied with 15 weighted hair rollers, to provide shelter and a complex substrate for adherence by amphipods.
The Experimental Gas and Temperature Manipulation Mesocosm is a modified and integrated version of the equilibration flow-through systems used by Widdicombe et al. (2009) and Melatunan et al. (2011) . Briefly, each treatment level within the system consisted of a header tank (volume ¼ 80 L) of sea water, supplied from one of two sumps (158C and 208C) and aerated with either air (pCO 2 $380 matm), or CO 2 -enriched air (pCO 2 $1000 matm). A submersible pump (Rio 200 pump; American Aquarium Products, Grants Pass, OR, USA) was used to aid mixing in each header tank. CO 2 gas was slowly released into a Buchner flask for mixing using a multistage CO 2 regulator (EN ISO 7291; GCE, Worksop, UK). CO 2 level in the CO 2 -enriched air was logged continuously using a CO 2 analyser (280; LI-COR, Lincoln, NE, USA) and adjusted manually to the desired level on a daily basis.
From each of the four header tanks, sea water was gravity-fed at a constant rate (60 mL min
À1
) to one of the four replicate aquaria (transparent sealed 5 l containers), held within larger holding trays (volume ¼ 300 L), into which excess sea water was allowed to flow. The holding trays were further supplied with sea water from the sump at the appropriate temperature, effectively creating a water bath and maintaining the desired temperature in the aquaria. Sea water overflowed from the trays to a collective sump where it was filtered, aerated, and recirculated, via a submersible pump (1262; EHEIM GmbH and Co. KG, Deizisau, Germany) to the header tanks and trays. Approximately 10% of the sea water in the system was replaced weekly, and deionized water was added as needed to maintain stable salinity levels. Seawater temperature was increased to 208C in the elevated temperature treatment using aquarium heaters (50 W aquarium heater; EHEIM Jager GmbH and Co. KG, Stuttgart, Germany) placed in the header tanks and holding trays.
At the end of the exposure period, metabolic rates (MO 2 ) were determined for all individuals. The group within a treatment was then sub-divided with half of the amphipods used for analysis of gill Na þ /K þ -ATPase activity, and the other half used to determine UTT.
Determination of standard MO 2 and wet mass
Standard MO 2 was determined using closed respirometers. MO 2 was measured for individual amphipods using closed, blackened-out, glass incubation chambers (volume ¼ 23 mL). Each chamber was supplied with pre-filtered (0.22 mm) sea water at the appropriate temperature and pCO 2 , and equipped with a meshed cylinder connecting top and bottom of the chamber. The inside of the cylinder contained a magnetic flea, while an individual amphipod was placed on the outside of the cylinder, to prevent contact between the amphipod and the magnetic flea as well as to restrict activity of the amphipod. Sealed while submerged, the chambers were placed onto a multi-channel magnetic stirrer (MIX 15 eco; 2mag AG, Munich, Germany) to ensure moderate mixing of water, and to prevent stratification of oxygen within the respirometer. Oxygen levels (mbar) in the chambers were measured every 5 min using a calibrated optical O 2 analyzer (5250i, OxySense, Dallas, TX) in combination with an external probe (101, OxySense) and a fluorescent disc placed inside the chamber (Oxydot, OxySense).
MO 2 was measured over a 3 h period, or until O 2 saturation reached 70%. All apparatus were located in CT-rooms at the appropriate temperature level. MO 2 was expressed as nmol O 2 min À1 wet mass g À1 salinity-temperature-pressure.
Upon completion of measurements of MO 2 , amphipods were removed from the chamber using a tea strainer, gently blotted dry, and weighed (Electronic high-precision scale, PF-203; Fisher Scientific UK Ltd, Loughborough, UK). Within 10 s after measurement, individuals were placed into labeled perforated tubs (volume ¼ 10 mL) and into a 1 L aquarium containing sea water at the appropriate temperature and pCO 2 , then returned (after 53 min) to the aquaria from which they had been removed. Here, they were left to recover for approximately 1 h before either Na þ /K þ -ATPase activities or UTT were measured.
Determination of gill Na
ATPase activity was determined in gill tissue using a modification of the protocol of Brooks and Lloyd Mills (2003) . Briefly, gills were carefully dissected from the amphipods and sonicated on ice (Microson TM XL ultrasonic cell disruptor; Qsonica, Newton, MA) in 250 mL sonication buffer at 48C (100 mmol L -1 HEPES, 100 mmol L -1 NaCl, and 0.1% sodium deoxycholate, pH 7.2).
ATPase activity was determined by adding 30 ml of homogenate to 500 ml of each of two different buffers. The first buffer was constructed using 10 mmol L -1 MgCl 2 , 100 mmol L -1 NaCl, 15 mmol L -1 KCl, and 100 mmol L -1 HEPES, adjusted to pH 7.2. The second buffer was constructed exactly the same way as the first buffer except that ouabain (10 mmol L -1 , which specifically inhibits Na þ /K þ -ATPase activity) was substituted for KCl. Samples were prepared in triplicate. The reaction was initiated by the addition of 27 ml ATP (100 mmol L -1 ) as substrate and incubated at 378C for 20 min on a heat block (Dry Block Thermostat; Grant Instruments Cambridge Ltd, Shepreth, UK). The reaction was terminated by the addition of 1 ml Bonting's reagent (560 mmol L 
Determination of Upper Thermal Tolerance
To measure UTT, a dynamic thermal-limit analysis was conducted Hutchison 1997a, 1997b) , using a number of observable responses identified during preliminary trials (as in Calosi et al. 2008; Massamba-N'Siala et al. 2012) . A temporal sequence of responses to increasing temperature was identified as follows: (1) circular swimming (CS), continuous CS, (2) no tail flexing (NTF), major decrease in activity following CS accompanied by NTF, or contraction or expansion of the uropod region, (3) no pleopod beating (NPB) (pleopods stop beating; amphipods lay on the bottom of the experimental well for 415 s, and do not respond to gentle prodding); this end-point was considered ''death,'' based on preliminary trials showing that individuals did not recover once this stage was reached.
Experiments to determine UTT were initiated at pre-exposure temperatures in each case. Temperature was gradually increased at a rate of 18C min À1 (see Rezende et al. 2011 ) using a computer-controlled water bath (R5; Grant Instruments Cambridge Ltd). Amphipods were placed individually into one well (diameter 35 mm, depth 20 mm) of a six-well plate, the bottom of which was previously painted white to allow visualization of the amphipods and identification of end-points. A maximum of five individuals were examined at any time, and measurements were all undertaken by the same observer (P.C.) assisted by a scribe (C.B.) in order to avoid observer bias (Terblanche et al. 2007) . A transparent lid was used to prevent escapes and minimize evaporation. At every end-point, temperature was measured within the empty well with a digital thermometer (HH802U; Omega Õ Engineering Inc., Stamford, CT, USA).
Physico-chemical environment
Temperature, salinity, and pH of sea water taken from the 14 d acclimation aquaria and from experimental aquaria were measured daily. Salinity was measured using a refractometer (D&D The Aquarium Solution Ltd, Ilford, UK). Temperature was measured using digital thermometer (TL; Fisher Scientific, Loughborough, UK). pH was measured using a microelectrode (InLab Õ Expert Pro; Mettler-Toledo Ltd, Beaumont Leys, UK) coupled to a calibrated pH meter (Seven Easy; Mettler-Toledo Ltd, Beaumont Leys, UK).
Total alkalinity (A T ) was measured from sea water samples collected four times during the experimental period. Samples were transferred to 150 mL borosilicate bottles with Teflon caps, poisoned with 30 ml of saturated HgCl 2 solution (0.02 % sample volume) and kept in the dark until measured by Gran titration (As-Alk2; Apollo SciTech Inc., Bogart, GA). ]), saturation state of calcite and aragonite (V calcite and V aragonite ), and dissolved inorganic carbon were calculated at the end of the experiment (Table 1) , using CO 2 SYS (Pierrot et al. 2006) , employing constants from Mehrbach et al. (1973) refitted to the NBS pH scale by Dickson and Millero (1987) and the KSO 4 dissociation constant from Dickson (1990) .
Statistical analyses
The relevance of employing an independent versus an individual-sample approach to interpret the effect of elevated temperature and pCO 2 (in isolation and combined) on amphipods' Na þ /K þ -ATPase activity and UTT was examined. However, as our experimental design included four replicate aquaria per treatment, we ascertained in a preliminary analysis whether our use of ''Aquaria'' as a random factor nested within temperature Â pCO 2 , had a significant effect on any of the parameters investigated. In all cases, ''Aquaria'' had no significant effect (P40.05), so this term was removed from further analyses. Power analysis performed on datasets analyzed by both approaches (independent and individual) revealed acceptable statistical power: observed power for the most complex significant statistical terms (i.e., single factors, two-way and thee-way interactions) ranged between 0.518 and 0.899 for the independent approach, and between 0.820 and 1.000 for the individual approach; ¼ 0.05.
Analysis of independent samples
A two-way analysis of covariance (ANCOVA) with temperature and pCO 2 as fixed factors and wet mass as a covariate was used for comparisons of independent samples of Na þ /K þ -ATPase activity and UTT values collected for the different treatments. When not significant, wet mass was removed from the analysis. 
Analysis of individual samples
A ANCOVA with temperature and pCO 2 as fixed factors with individual MO 2 and wet mass as covariates was used for the comparisons of individual Na þ /K þ -ATPase activity and UTT values collected for the different treatments. When not significant, wet mass was removed from the analysis.
All analyses were carried out in SPSS 17. Data were approximately normally distributed and variances were homogeneous (P40.05).
Results
Analysis of independent samples
Results for the analyses of ''independent samples'' are presented in Fig. 1A-D . Mean Na þ /K þ -ATPase activity was greater at the higher exposure temperature for the low pCO 2 treatments, whereas no significant difference with temperature was found at the higher pCO 2 treatments (Fig. 1A) , as indicated by the presence of a significant interaction between temperature and pCO 2 (F 1,153 ¼ 6.550, P ¼ 0.011). However, this model has very low predictive ability (R 2 ¼ 0.081, R 2 adj ¼ 0.063). Mean UTT, measured as ''CS,'' was lower at the lower pCO 2 of exposure for the lower temperature of exposure, while exposure to different pCO 2 levels had no significant effect at the higher temperature treatments (Fig. 1B) , as indicated by the presence of a significant interaction between pCO 2 and temperature (F 1,153 ¼ 4.072, P ¼ 0.045). Wet mass had a significant positive effect on this parameter (F 1,153 ¼ 4.243, P ¼ 0.041). The predictive ability of this model is also very low (R 2 ¼ 0.090, R 2 adj ¼ 0.075). Mean UTT, measured as ''NPB,'' was lower at the lower temperature of exposure (Fig. 1D) , as indicated by the presence of a significant positive effect of temperature on this parameter (F 1,155 ¼ 10.588, P ¼ 0.001). The predictive ability of this model was also very low (R 2 ¼ 0.073, R 2 adj ¼ 0.061). Finally, no significant effect of temperature, pCO 2 , or their interaction was detected on UTT measured as ''NTF'' (Fig. 1C, P40 .05).
Analyses of individual samples
Results for the analyses of ''individual samples'' are shown in Fig. 1E-H . For all analyses of individual samples, the term ''residual of individuals' MO 2 '' had the highest F value, indicating its importance in defining amphipod Na þ /K þ -ATPase activity and UTL, relative to other terms.
Based on the analyses of independent sample, Na þ /K þ -ATPase activity was significantly affected by the interaction between temperature and pCO 2 but differently according to individuals' MO 2 levels (here as allometric residuals of individuals' MO 2 ) (Fig. 1E) , as indicated by the presence of a significant three-way interaction between these factors (F 1,148 ¼ 73.661, P50.0001). This model has a high predictive ability (R 2 ¼ 0.574, R 2 adj ¼ 0.553). Similarly, UTT-NTF was significantly affected by the interaction between temperature and pCO 2 but differently according to individuals' MO 2 levels (Fig. 1G) , as indicated by the presence of a significant three-way interaction between these factors (F 1,154 ¼ 10.104, P ¼ 0.002). Again the model shows a good predictive ability (R 2 ¼ 0.593, R 2 adj ¼ 0.573). UTT-NPB was greater in individuals with higher MO 2 (Fig. 2) , as indicated by the presence of a positively significant relationship between UTT-NPB and individual MO 2 levels (F 1,153 ¼ 118.386, P50.0001). The model showed a high predictive ability (R 2 ¼ 0.444, R 2 adj ¼ 0.432). No significant effect of temperature, pCO 2 , or their interaction was detected for UTT-CS (Fig. 1F,  P40 .05).
The patterns of significance reported above are mirrored by AIC values (not reported here), in which the significant terms emerging from the ANOVA-type analysis within the General Linear Model test are always those with the lowest AIC values (here applying the concept ''the lower AIC value the better model'').
Discussion
Here, we show that the utilization of an individual approach, as opposed to an independent approach, lead to stronger and different predictions on how ectotherms will respond to ongoing complex climatic changes; even when, as here, a quadratic experimental design is employed. Consequently, this may call into question the relevance, or even validity, of some predictions made on the effect of climatic changes on organismal function based on analyses of independent samples. Below we discuss our findings in more detail and highlight their potential to provide better predictions on the effects of global change on organismal function, when compared with more well-established approaches. We also argue that treating individual differences as biologically meaningful (and not just ''noise'') can lead to a greater understanding of physiological responses (as in Spicer and Baden 2001; Calosi et al. 2005 ) and improve our understanding of complex climatic changes (as for Melatunan et al. 2013 ). 
Why is it important to use an individual approach?
Individual variation has been recognized as a fundamental property of biological systems even since Darwin (1859) . Such variation often explains differences in individuals' performance and fitness (Bennett 1987; Aldrich 1989; Hayes et al. 1992; Spicer and Gaston 1999; Vézina et al. 2006) ; thus, its importance and that of utilizing an individual approach have been advocated on multiple occasions (e.g., Bennett 1987; Aldrich 1989; Spicer and Gaston 1999) . Despite this, researchers interested in how animals work have rarely consider an individual-sample approach as the preferred one in the investigation of organisms' responses to multiple environmental challenges (although cf. Hayes et al. 1992; Pistevos et al. 2011) . This stands in stark contrast to other areas of Biology such as ecotoxicology (e.g., Depledge 1994), community ecology (e.g., Hanski and Singer 2001, Bolnick et al. 2011) , ecosystem function (e.g., Cianciaruso et al. 2009) , and behavior (particularly the study of ''personality,'' e.g., Réale et al. 2010) where there has both been a resurgence and often a long-standing interest in addressing questions that are better analyzed using an individual approach. Exactly why comparative animal physiology and its derivations should be so far behind in using an individual approach is not clear. This study shows that, generally, the inclusion of individual-level responses in the investigation of the potential effect of the combination of elevated temperature and pCO 2 improves the overall predictability of statistical models. The average increase in R 2 and R 2 adj is þ0.34 and þ0.39, respectively, across all variables investigated, and it reaches þ0.50 for both parameters when only statically significant models are considered, that is, Na þ /K þ -ATPase activity and UTT measured as NTF had significant statistical models both from the independent and the individual-sample analyses.
Alternatively, we note with some concern that the type and number of ''terms'' included in the statistical models emerging from the analyses, and their statistical significance, changed markedly when using an independent, as opposed to an individual analysis (Table 2 ). For instance, for UTT as NTF and NPB, no significant effect of the factors investigated was found for the independent analysis whereas it was found for the individual analysis, and for UTT CS, the opposite pattern was observed. Furthermore, individual MO 2 appears as a major factor driving the responses of E. marinus to exposure to elevated temperature and pCO 2 , always explaining a large amount of the observed variation.
Individual variation can be biological meaningful
Treating individual differences in organismal functions as biologically meaningful (and not just ''noise'') yields a greater understanding of the selection processes occurring under complex climatic changes. As selection will likely play an important role in defining species' responses to complex environmental changes (Pespeni et al. 2013) , it is imperative we understand and incorporate individual variation into our studies and analyses. This fundamental aspect of biological systems has not received the attention it deserves, even though it can help predicting which phenotypes will be more likely to cope with future environmental challenges. For instance, an individual's MO 2 relates strongly and positively to UTT (as NTF and NPB), as one may have expected based on the oxygen limitation hypothesis (see Pörtner 2001; Verberk and Bilton 2011) . Similarly, an individual's MO 2 relates strongly and positively to activity of Na þ /K þ -ATPase. Based on these findings, we may predict that individuals with higher MO 2 should be better able to cope with global warming (Sokolov et al. 2009 ), climatic anomalies (IPCC 2012), oceanic acidification (Caldeira and Wickett 2003) , and possibly even with fluctuations in salinity levels that are expected to increase in intensity and frequency with increasing incidences of flash floods (IPCC 2012) . In this sense, given that the direction of selection for MO 2 phenotypes leading to an improvement of UTT and Na þ /K þ -ATPase performances is the same, we do not expect evolutionary trade-offs between these two functions to emerge. On the other hand, individuals with higher MO 2 levels would be expected to have greater energy costs for maintenance and repair, with likely a lower fraction of energy available for growth and reproduction. Thus, trade-offs may still emerge between physiological functions and life history, via an energy-reallocation route (Sibly and Calow 1986 ).
Conclusions
Overall, our study highlights the importance and value of employing an individual approach, as opposed to an independent-samples approach for the investigation of complex climatic changes on organismal functions, even if the interpretation of the biological significance of the results obtained may be more complex, that is, as was the case in our study three-way interactions with a continuous variable rarely are simple to explain. However, this complexity emerges from the great variation in responses we record in different individuals from the same population, variation that should not be ignored but taken into account (Bennett 1987) . Finally, as the majority of investigations undertaken to date within the context of global climatic change have used analyses of independent samples, there is a serious risk that our interpretation of organisms' responses to complex climatic change is (at least in part) inaccurate, or even incorrect, i.e., the ''direction,'' 'intensity,'' and/or level of predictability of organisms' responses under examination may differ from those reported. ocean acidification on key benthic ecosystems, communities, habitats, species and life cycles.''
